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(71) We. Badische Anujn- & Soda- 
Fabrik AxriENGESELLSCHAFr, a German 
Joint Stock Company, of 6700 Ludwigshafen, 
Federal Republic of Germany, do hereby 
declare the invention, for which we pray 
that a Patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention relates to an im- 
proved process for the continuous produc- 
tion of dicarboxylic ftgM$ and anhydrides, 
particularly of phthalic anhydride and wmlffo 
anhydride, by the oxidation of aromatic 
hydrocarbons, particularly of benzene, o- 
xylene or naphthalene, with oxygen or a gas 
containing tree molecular oxygen in contact 
with a fixed-bed catalyst containing vanadium 
pentoxide at from 350° to 500°C in the gas 
phase, and, if desired, conversion of the 
initially produced anhydride into the add. 

This process, in so far as it does not relate 
to the improvements herein described and 
claimed, is generally known and is carried 
out commercially in many variants, usually 
occasioned by the catalyst 

It is common to all these variants mat a 
mixture of air (as a gas containing free 
molecular oxygen) and the hydrocarbon to 
be oxidized is passed through a large number 
of tubes arranged in a reactor and contain- 
ing the fixed-bed catalyst The outer walls 
of the tubes are kept at the reaction tem- 
perature appropriate to the system in ques- 
tion by means of a flowing heat exchange 
medium, usually a salt melt 

All variants have the disadvantage that 
troublesome by-products are formed which 
can only be separated from the desired pro- 
ducts with difficulty. These by-products, 
particularly aldehydes or phthahde in the 
production of phfhalic anhydride, imDair the 
quality of the main products even in very 
low concentration. 



The problem of preventing the formation 
or by-products or at least substantially sup- 
pressing their formation has not hitherto 
been solved satisfactorily. If the entire re- 
acnon is carried out under more drastic 
cxina^ons— for example at a higher tempera- 
ture, with more effective catalysts and/or 
with longer contact times— the amount of 
by-products is decreased as would be ex- 
pected, but the yield of the main product 
also declines so that the overall disadvantaee 
is greater. 5 

It is known that the temperature rnaximnm 
( hot spot*) occurs in the first third of the 
catalyst bed after entry of the mixture of air 
and hydrocarbon. An attempt is made to 
^perature of the salt melt at from 

S°Sc c 50 ** ** 

Wien the space velocity is low, for ex- 
ample 2000 to 4000 m 3 of air per hour, pure 
prodocts ; are obtained. To ensure a long 
into of the catalyst it is advantageous to 
choose a temperature rnaximnm of from 
about 460* to 475*G Often however pure 
products are not then obtainable. 

on the ot^gj. hand the space velocity 
is high (more than 4000 m 1 of air per hour) 
it is necessary to raise the temperature of 
the salt bath in order to achieve a hteh spot 
spot which is usually above 500° C There 
is then a marked combustion, a tall in yield 
and a shortening of the life of the catalyst 

It is thus evident that a mere increase in 
temperature involves too serious disadvan- 
tages. 

It is the object of this invention to sup- 
press as much as possible the formation of 
by-products in the production of dicarboxyHc 
acids and anhydrides by the above-mentioned 
method 

We have found that contrary to expecta- 
tion the said disadvantages are reduced or 
avoided by conducting the reaction so that 
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daring the contact time the reaction mixture 
is exposed to more drastic reaction con- 
ditions, after it has passed the first third 
of the total catalyst bed, which result from 

5 or are equivalent to a rise in the tempera- 
ture of the heat exchange medium surround- 
ing that section of the bad in which the said 
more drastic reaction conditions are applied 
of from 5° to 50°C, particularly from 10° to 

10 45 3 C 

After the first third, preferably half, of 
the reactor tubes, more drastic reaction con- 
ditions may be set up by the following 
measures which may be used alone or in 
15 any combination: 

(a) by raising the temperature of the heat 
exchange medium in one or more stages. 
This measure requires separate circulating 
systems of the heat exchange medium- and 

20 serves inter alia for preliminary tests for 
the exact qttantitatrve appraisal of the neces- 
sary more drastic conditions: 

(b) by increasing the effectiveness of the 
catalyst in the direction of flow of the re- 

25 action mixture. The effectiveness of the 
catalyst increases with the content of 
vanadium pentoxide so that all that is neces- 
sary is to charge the reaction tubes succes- 
sively in the direction of flow with catalysts 

30 having increasing contents of vanadium pent- 
oxide; t 

(c) by prolonging the contact tune of the 
gas by using tubes which are longer than 
the hitherto conventional length of tubes, 

35 namelv about 3 meters, for example up to 
150°£ "of the conventional length (preferably 
about 4 meters), or by using tubes of greater 
internal diameter, for example about 1.25 
times to twice the internal diameter. 
40 (d) by decreasing the transfer of heat from 
the interior to the exterior of the tubes by 
proving them with a thermal insulator; 

(e) by an after-reaction in a second re- 
action chamber at higher temperature and/ 
45 or with more effective catalysts and/or for 
longer contact times. 

All these measures may be intensified by 
allowing the heat exchange medium to flow, 
not countercurrent as hitherto exclusively 
50 customary, but in the same direction as the 
reaction gas. 

All types of nested tube reactor are sort- 
able for carrying out the process according 
to tb* invention, in method (a) after the 
55 chamber for the heat exchange medium has 
been subdivided into two or more zones, in 
method (b) direct, in method (c) after the 
tubes and consequently the reactor have been 
prolonged or their " original cross-section 
60 vVdened by 50 to 100% (conical tubes) con- 
tinuously or in one or more stages, and in 
method (d) after internal or external in- 
sulation of the tabes in a layer thickness of 
from 0j5 to 2 mm. for example with asbestos 



or an air jacket, the insulating material 65 
being held in place by a jacket rube, 

When method (b) is chosen, either the 
layer thickness of the catalytic composition 
of the supported catalyst may be increased 
by up to 150 to 500% of the original thick- 70 
ness (regarded as 100%) or by increas ing the 
surface "area of the active material, or by 
increasing the content of vanadium pent- 
ox ; de at a constant bed thickness. 

If the catalyst contains only a few percent, 75 
for example 1 to 6%, of vanadium pentoxide, 
the amount may be increased by 5 to 500%, 
advantageously from 50 to 300%. of the 
original amount In cases where the vanadium 
content is higher, only a modest increase, 8° 
for example by from 5 to 80%, is made. 

In the same way a carrier which is pro- 
vided with from 3 to 10% of a catalytic 
composition may be coated in subsequent 
z^^ w«th an amount which is up to 20 to 85 
100% larger. 

A plurality of successive reactors may be 
used which have catalysts having increasing 
vanadium content 

Generally the temperature following the 90 
hot spor drops by from 60° to about 110°C 
after only 45 to 100 cm in a catalyst zone of 
3 metres depending on the amount of mix- 
ture of air and hydrocarbon passed through. 
This drop may be delayed for a length of 95 
from 1 to 250 meters by means of measures 
(a) and (d). 

For after-reaction in accordance with 
method (e) it is advantageous to use a shaft 
furnace because the reaction conditions 100 
there hi can be regulated so that cooling is 
unnecessary. More than one tube furnace 
can be connected with one shaft furnace. 

A downstream shaft furnace has the ad- 
vantage that oxidation in the tube furnaces 105 
can be carried out with high throughput for 
example SQO0 to 12000 nrVhour of air and 
40 to 60 c/m 3 of hvdrocarbon and with a 
low hot spot of about 460° to 470°C. thus 
ensnrin* a Ior«« cataJvst lffc. HO 

The shaft furnace may be filled with par- 
ticles of catalyst which have a smaller dia- 
meter, or advantageously a larger diameter, 
or a larger or smaller bed thickness than that 
in the tube furnace. Sometimes it is ad- 115 
visable to cool the gas issuing from the tube 
furnace before it enters the shaft furnace to 
a lower temperature, for example from 280° 
to 350°C by a heat exchanger. 

It is common to all the process varmnts 120 
(a) to (d) that the reaction in the first third 
of the tubes In the reactor is the same as in 
the prior art methods and that the devia- 
tions following the same added according to 
this invention arc relative deviations in rela- 125 
tion to the basic method in question. An 
absolnte characterization of the improvement 
in the process according to tins invention — 
for example by specifying the catalyst com- 
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utoon according to method Cb) — is there- 
e not possible. It is also unnecessary 
however because the application of the new 
teaching to concrete embodiments requires 
o merely a few simple rn^lrminary experiments, 
advantageously using method (a). The lower 
me hot spot chosen, the greater the rise in 
temperature which is necessary, 
Tn T fac new teaching means m general that 
10 the temperature drop after the temperature 
maximum (hot spot) in the first third of the 
tubes is moderated: the temperatures are 
measured in the interior of the tubes, Le. in 
the catalyst 

15 Particularly important examples of oxida- 
tion reactions in which yield and purity of the 
desired product can be improved by the pro- 
cess according to this invention are the par- 
tial oxidation of naphthalene and especially 

2« of o-xyiene into phthalic anhydride and also* 
of 1 Z4-triaIkyIberjzene^ or /8-alkylnaphthal- 
enes into trimellitic acid or anhydride and 
of benzene into maleic anhydride with air as 
the gas containing free molecular oxygen. 

25 Ih the case of the production of phthalic, 
tnmell'tic and maleic anhydrides, it is 
mainly the formation of compounds having 
phthabde or gamma^ydroxycrotonolactone 
structure which is suppressed. Phthalide, as 

w a by-product of phthalic anhydride, is mainly 
troublesome as a myofunctional compound 
because it causes chain termination in poly- 
condensations of phthalic anhydride with 
brfunctional alcohols. Moreover other pro- 
ducts which are not thoroughly oxidized, such 
as aldehydes, impair the heat color test 

The mixtures of air and hydrocarbon may 
have the usu al co mposition, from about 40 
to 60 g/m J (STP); it is preferred to keep 

40 below the explosion limits. 

Vanadium compounds which are dissolved 
in a melt of ammonium thiocyanate are suit- 
able for the production of the fixed-bed' cata- 
lysts. Supported catalysts containing mainly 

45 vanadium pentoxide on inert substances are 
advantageously used. Hie vanadium may 
be used in the form of oxalates, formates, 
acetates, chlorides, sulfates or as ammonium 
salts, amine salts, amidinee salts or as esters 

50 of vanadic add or as complex salts of 
orcardc or inorganic acids. 

It is preferred to use nonnorous material 
having an internal surface area of 4 m J per 
gram as the carrier. Porous substances hav- 

55 ing an internal surface area of from about 
30 to 400 nr per zrum may also be used. 
The following substances are suitable: por- 
celain, natural or synthetic siGcates such as 
aluminium, magnesium, zinc or zirconium 

uO silicnte or s/ljcon carbide, maanesium oxMe. 
pumice, siHric add, quartz, titanium dioxide 
fanatase or nr*ile\ cerium oxide, aluminas or 
mhmrres of these substances. The carrier 
may be sintered or fused prior to use, as for 

65 example silicates or aluminas. The carrier 



is generally used in the form of spheres hav- 
ing a diameter of from 4 to 12 mm. It is 
also suitable as granules, pellets, cones, rings 
or stars The carrier substance may also 
be mixed with the vanadium compound and 70 
ffcaped. Supported catalysts having ™. 
tide diameter of from about 4 to 12 mm and 
containing vanadium pentoxide and titanium 
22 i m compositions are par- 

ticularly suitable. These catalysts which 75 
areoumandi^ 75 
of phthahc add from o-xylene and S 

ffJ^c de *E?** fo f example in British 
Patent Specification No. 1.140.264 The 
^2 ^S^f 11 ^ advantageously com- 80 
posed of from 1 to 25%, preferably from 2 
-} 5 £ 9 by ~ of vanadium pentoxide 

and 99 to 75%, preferably 98 to 85%bv 
weight of titanium oW with or^hout 
traces of other metal compounds. The pro- 85 
portion of the active composition to the total 
tT$l 0< be from about 1 

to 12% and the proportion of vanadium 
pentoxide should preferably not exceed 3% 
by ragbt and is advantageously from 0.05 to 90 
-2%. As regards methods (b), these state- 
ments concerning the catalyst apply to the 
catalyst employed in the imtial pan of the 

Compounds of rircoruum. Hthinrn. alu- 95 
mmum and phosphorus, the latter advan- 
tig^usly as phosphoric acid, in an amount 
of from about 0.05 to 50%. particularly from 

weight have proved to be suitable as further 100 
adduces to the catalytic composition. Com- 
pounds of tin, chromium, molybdenum, 
tangsten, silver, manganese, iron, nickel and 
cobalt may also be added in an amount of 
from 0.2 to 25%, particularly from 0.2 to 105 

Depending on the activity, the catalysts 
are placed in reaction tubes having a length 
of from 2 to 6 meters and an internal c3a- 
meter of from 18 to 40 mm. provided a 110 
greater cross-section is not necessary accord- 
mg to method (c) after the first third About 
3500 to 12 .000 liters of the irmmireofhS 
carbon and air is passed through the reactor' 

^v^° ntU ^ p ^ hour ' gas mixture 115 
leavmg the reactor is processed as usuaL 

Salt melts, for example melts of mixtures 
of potassium nitrate and sodium nitrate are 
particularly suitable as heat exchange media. 
These melts are used in the conventional 
methods so that no further details are needed. 

It is remarkable that the further reaction 
according to the invention does not proceed 
at the expense of the total oxidation of the 
mam product, but that the byproducts of a 125 
lower oxidation state are oxidized to the acids 
or anhydrides. 

The invention is illustrated by the follow, 
ing Examples. 
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EXAMPLE 1 
In order to prepare phthalic anhydride 
from o-xyiene. a hoi mixture fat 140^0 of 
5100 m J of air and 200 g of 95% o-xykne 

5 is passed per hour through an iron tube 
bavin* a length of 1 meter and an internal 
diameter of 25 mm filled with a supported 
catalvst A salt melt at 385°C which is 
cooled outside the tube is passed counter- 

10 current to the gas mixture. ImmedmEdy be- 
hind the reactor there is a second tube filled 
with the same caialyst and having a length 
of 2 meters and an internal diameter o*. 
mm. This tube is situated in a salt melt 

at ^£ Qf pnre distilled phthalic an 



Hie active composition of the supported 65 
catalysis used consists of about 6% of 
vanadium pemoxide and 94% of anatase. 
It is applied in the form of a suspension of 
350 parts by weight of water. 425 parts of 
formamide. 1S.7 "parts of oxalic acid. 8.5 70 
parts of vanadium pemoxide and 133 parts 
of anatase to magnesium silicate spheres hav- 
ing a diameter of 7 mm which are heated 
to 3<XTC. The active composition is fixed 
on the carrier by heaiins in a current of air 75 
for three hours at 450°C 



EXAMPLE 3 
For the production of phthalic anhydride 
„ from o-xvlene, a mixture of 8.5 m a of air 

kJiSS/ITl IS °' ^^SS^OxSdwk pure and 340 g of 9S% o-xylene is passed per 80 

and which is situated in a salt bath heated 
to 400 C C. 

The first 1-2 meters of the tube in the 85 
direction of flow has an internal diameter of 
25 mm and the internal diameter of the re- 
maining I meter is 45 mm. In the wider 
section of the tube the residence time of the 



20 by Fo? the preparation of the catalyst 2500 
g of 6-mm porcelain spheres are sprayed in 
a coatinss drum heated to 300*C with «0 g 
of an aqueous suspension con tainin g 4_5 g 
of formamide, 18.7 c of oxalic acid. 8.5 g 

25 of vanadium pentoxide. 133 g of anatase 
and 1 g of acid ammonium phosphate 
(NH.H.POJ. The proportion of active 
composition in the supported catalyst is 4 . 3 
by wetehL The proportion of vanadium 

30 pentoxide is 0.24% by weight The average 
thickness of the bed of catalyst composi- 
tion is about 0.05 mm. After the coating 
operation, the catalyst is heated for two 
hours in a stream of air at 450°C 

35 EXAMPLE 2 

To prepare phthalic anhydride from o- 
xylenta mixture of 6.8 m J of air and 270 g 
of 9S°4 o-xylene is passed per hour through 
an iron tube filled with supported catalyst 

40 to a hrisbt of 3 meters and an internal dia- 
meter of 25 mm which is in a salt bath at 
a temperature of 388°C ....... 

The first half of the tube in the direction 
of flow is charsed with a supported catalyst 

45 (T) containing vanadium pentoxide and con- 
taining of its weight of active composi- 
tion, and the catalyst (ED in the second half 
• has S°i of active composition. 

The yield of pure (already distill^ 

50 nhthalic anhydride is 1105 % by weight 
based on pure o-xylene (i.e. 100 kg of pure 
o-xylene would yield 1105 fce of phthalic 
anhydride) and the content of phthahde is 
less than the detectable limit 

55 By working under the said conditions but 
onlv with catalyst (I). the phthalide content 
is 0.07%. . , . . . , 

When catalyst (ID alone xs ased,^^ 
of phthalic anhydride falls to 109% by 

60 ^^^j^ tQm catalyst m to cotal^ 
(ID corresponds to an mcrease in the salt 
bath temperature of from 388* to 420 C C m 
the zone of catalyst (II). 
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«ns is about three times the residence time 90 
in a tube of equal length and having an in- 
ternal diameter of 25 mm. 

The catalyst used is catalyst (I) from Ex- 
ample 2. 

The yield of pure (already distilled) 95 
phthalic anhydride is 109% by weight and 
the content of phtiialide is below the detect- 
able limiL 

By using the same conditions but a tube 
having an internal diameter of 25 imn 100 
tkromjhout the yield of phthalic anhydride 
is 107°; bv weight and the phthalide con- 
tent i$'05<\'. 

The use of a tube having an internal dia- 
meter of 45 mm throughout is not possible 105 
for reasons of heat removal. 

The transition of the tube diameter from 
25 mm to 45 mm corresponds to an increase 
in the salt bath temperature from 400° to 
430°C for the zone of the wider tube. 110 

EXAMPLE 4 

For the production of phthalic anhydride 
from o-xylene. a mixture, preheated to 
140 fi C. of 53 m a of air and 340 g of 95% 
o-xylene is passed per hour thronah an iron 115 
tube filled with supported catalysts to a 
height of 3 meters and having an internal 
diameter of 25 mm which is situated in a 
salt bath heated to 410°C. 

This tube contains (from the length of 1 120 
meter in the direction of flow) a piece of 
tabinrr having a length of 1.6 meters and a 
thickness of "0.5 mm. A layer of asbestos 
1 mm m thickness is provided as insulation 
between the two pieces of tube. 125 

The hot spot is 490°C. After this the 
temperature falls to 478°G In the insulated 
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portion the temperature rises to 453°C and 
rails at the end of the insulation to 423 °C 
A temperature of 410°C is set np at the 
exit from the tube. 
Catalyst (I) from Example 2 is used. 
The yield of pure phthalic anhydride is 
109% by weight and the content of 
phthalide is 0.005%. 

When the tube is not insulated, 107% by 
weight of phthalic anhydride and 05% of 
phthalide are obtained. When a mixture 
of 6800 m 3 of air and 270 g of 95% o-xylene 
is used, a salt bath temperature of 400°C 
is used. The hot spot has a temperature of 
480°G Thereafter the temperature falls to 
467°C. In the insulated portion of the tube 
it rises to 474°C and falls to 4I7°C In 
the following nonmsulated portion, a tem- 
perature of 400°C is set up. The yield of 
pure phthalic anhydride is 1105% by" 
weight The phthalide content is 0.005% 
by weight 

The transition from the noninsulated por- 
tion to the insulated portion of the tube cor- 
25 responds to an increase in the salt barb 
temperature from 400° to 420°C. 

EXAMPLE 5 
For the production of phthalic anhydride 
from o-xylene a mixture, heated to 150°C 1 
of 8.5 m a of air and 340 g of 98% o-xylene 
is passed per hour through an iron tube 
having a length of 1.5 meters and an internal 
diameter of 25 mm winch is situated in a hot 
salt bath at a temperature of 380°C and 
which is filled with supported catalyst A 
hot snot forms within the first third; it is 
at 47G°C 

The reaction gas passes into an attached 
tube having: an internal diameter of 100 mm 
and a height of 200 mm. This is insulated 
externally. 

The first tube is filled with magnesium 
silicate spheres havine a diameter of 6 mm 
which are coated with 4% of the active 
composition of Example 2. In the attached 
unhealed tube there are 1250 can of mag- 
nesium silicate spheres having a diameter of 
5.4 mm which are coated with 6% of the 
active composition described in Example 2. 

The yield of pure distSled Dhthalic an- 
hydride is 111% by weight The content 
of nhthalide is below the detectable limit 
Transition from the 25 mm tube into a 
wider vessel corresponds to an increase in 
the salt bath temperature from 380° to 
415°C the last-mentioned temperature be- 
ing measured in a 25 mm tube attached 
to the first tube which contains the said 1250 
can of catalyst 

60 EXAMPLE 6 

' For the production of phthalic anhydride 
from naphthalene, a mixture heated to 150°C 
of 6.8 m* of air and 290 g of naphthalene 
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is passed per hour through an iron tube 
filled with a supported catalyst, having a 
length of 3 meters and an internal diameter 
of 25 mm, and situated in a hot salt bath 
at 375°C. The upper half of the tube is 
provided with magnesium silicate spheres 
bavins a diameter of 6 mm which are coated 
with 3% of the composition described in 
Example 1, whereas the lower half contains 
the same spheres but containing 6% of the 
composition described in Example 1. The 
rnixture flows downward through the" tube. 
Pare distilled phthalic anhydride is obtained 
m a yield of 111% by weight The pro- 
duct is devoid of naphthoquinone. 

Transition from the upper catalyst to the 
lower catalyst corresponds to an increase in 
tte salt bath temperature from 375°C to 
395 C in the zone of the lower catalyst 

WHAT WE CLAIM IS:— 

1. A process for the continuous produc- 
tion of dicarboxyhc acids and anhydrides by 
oxidation of aromatic hydrocarbons with 
oxygen or a gas containing free molecular 
oxygen in contact with a fixed-bed catalyst 
containing vanadium pentoxide at from 350° 
to 500°C in the gas phase and, if desired, 
conversion of the initially produced an- 
hydride into the acid, wherein the reaction 
mixture during the contact time and after 
it has passed the first third of the total 
catalyst bed is exposed to more drastic re- 
action conditions which result from or are 
equivalent to a rise in the temperature of 
the heat exchange medium surrounding that 
section of the bed in which the said more 
drastic reaction conditions are applied of 100 
from 5° to 50°C. 

2. A process as claimed in claim 1 
wherein the reaction mixture is exposed to 
the more drastic reaction conditions after 
having passed through half of the total cata- 105 
lyst bed. 

3. A process as claimed In claim 1 or 
2 wherein the content of vanadium pent- 
oxide m the catalyst is increased by from 

5 to 500% of the original amount (regarded 110 
as 100%) to provide more drastic reaction 
conditions, provided that if the original 
amount exceeds 6<£ bv weight the increase 
is not more than 80% of the original amount 

4. A process as claimed in any of claims 
1 to 3 wherein the thickness of the layer of 
active composition in the supported cata- 
lyst is increased by up to 150 to 500% of 
the original thickness (regarded as 100%) 
to provide more drastic reaction conditions, 

5. A process as claimed in any of claims 
1 to 4 wherein the residence time of the re- 
action gas is increased by using a longer 
tube to provide the more drastic reaction 
conditions. J25 

6. A process as claimed in any of claims 
1 to 5 wherein the residence time of the 
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re ac tion gas is increased by using a wider 
tube to provide the more drastic reaction 
conditions. . 

7. A process as claimed in any of claims 
5 1 to 6 wherein the more drastic r e ac t i on con- 
ditions are produced by decreasing transfer 
of heat through the tube. 

8. A process as claimed in any of claims 
1 to 7 wherein reaction under the more 

10 drastic reaction conditions is carried out in 
a shaft furnace. e , . 

9. A process as claimed in any of claims 
1 to 8 wherein a globular supported catalyst 
is used both for the initial part of the bed 

15 and for the part of the bed subjected to toe 
more drastic reaction conditions, the globules 
beine coated with an active composition 
which contains from 1 to 25% by weight 
of vanadium pentoxide and 99 to 75% by 

20 weight of ffamnm dioxide, the content of 
vanadium pentoxide not being more than 
3% by weight of the total amount of catalyst 

10. A process as claimed in any of 



claims 1 to 9 wherein the temperature of the 
heat exchange medium is kept at from 390 
to 420°C during the first part of the reac- 
tion in the tube reactor. 

11. A process as claimed in any of 
claims 1 to 10 wherein the heat exchange 
medium in the reactor flows in the same 
direction as the reaction gas. 

11 A process for the continuous produc- 
tion of dicarboxylic acid anhydrides as 
claimed in cfrim 1 carried out substantially 
as described in any of the foregoing Ex- 
amples. 

13. Dicarboxylic acids and anhydrides 
when obtained by the process claimed in any 
of Ham™ 1 to 12. 

J. Y. & G.W. JOHNSON, 

Furnival House. 
14 — 18, Hish Holborn, 

LondonT W.C1. 
Chartered Patent Agents, 
Agents for the Applicants, 
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